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Abstr act

We test several hypotheses related to technology choice in
t he paper industry and the investnent decision for existing
pl ants, based on conversations with people and visits to paper
mlls. Qur analysis uses technology choice data for 686 paper
mlls and annual investnent data for 116 mlls.

Technol ogy choice is influenced by environnmental regulation.
New mlls in states with strict environnental regulations tend
not to enploy nore polluting technol ogi es invol ving pul pi ng.
Differences between air and water pollution regulations also
energe, with the dirtiest technology in each nedi um avoi di ng
states with the strictest regulations. The inpacts are sizable:
a one standard deviation increase in stringency is associ ated
wi th several percentage point reductions in the probability of
choosing a dirty technol ogy.

State regul atory stringency and plant technol ogy have little
or no effect on annual investnment spending at existing plants.
However, pollution abatenent investnent is significantly rel ated
to productive (non-abatenent) investnment. Plants with high
abat enent i nvestnent spend | ess on productive capital. The
magni tude of the inpact corresponds to nearly conplete crowdi ng
out of productive investnent by abatenent investnent. Exam ning
investnment timng, we find that abatement and productive
i nvestnment occurs in the sane years, consistent with the high

cost of shutting down a paper mll for renovations.
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1. Introduction

How nmuch can econom sts learn fromthe 'real world ? Can
pl ant visits and conversations with people in the industry
suggest hypotheses to test, or nodelling strategies? |Is
enpirical research hel ped (or hindered) by understanding the
institutional details? This paper addresses these issues,
studying the inpact of environnmental regulation on investnent
decisions in the paper industry.

Environnmental regulation in the U S. has changed
dramatically over the past thirty years. |In the 1960s and
before, environnmental regulation was done by state and | ocal
agenci es, usually w thout nuch active enforcenent. Wth the
establishment of the Environnmental Protection Agency in the early
1970s, and the passage of the Clean Water and Clean Air Acts, the
federal government took a lead role in regulation. State
agencies are still heavily involved in setting standards for
i ndi vidual plants and enforcing those standards, backed now by
the nore serious penalties in the federal statutes. During the
1970s the focus was on basic air and water quality. In the 1980s
there was nore enphasis on toxic chemcals, both for cleaning up
exi sting waste sites and for reducing em ssions, with | egislation
at both the federal and state |evel.

These regul atory differences, both across states and over



time, allow us to test for an inpact of environmental regulation
on i nvestnent decisions. W consider three possible connections
bet ween regul ation and investnent. First, the choice of which
production technology to use in a new plant may be influenced by
differences in the pollution characteristics of these
technol ogi es. Second, the allocation of capital investnent
across existing plants may be influenced by differences in the
envi ronnmental stringency faced by those plants, interacting with
the technology in place at those different plants. Third, a
plant's investnment in pollution abatenent equi pnment nmay influence
the timng and anmount of investnent in production equi pnent at
the plant. If environnmental regulation greatly affects
profitability, it could influence all of these investnent
deci si ons.

We have chosen to study the pul p and paper industry, for a
variety of reasons. The industry is a major polluter, with both
air and water pollution concerns, and spends nore on pollution
abat enent than nost other manufacturing industries. Paper mlls
enpl oy a variety of production technol ogies, which differ
substantially in the pollution generated. Finally, we had
al ready studied the industry using plant-|evel Census data,
finding a significant inpact of pollution abatenent costs on
productivity.

A central feature of the research project has been our



contact with people in the paper industry. W visited ten paper
mlls in the Northeast, speaking with plant managers and
environmental directors, along with visits to corporate
headquarters and state and federal regulators. These contacts
enphasi zed the i nportance of differences across plants,
especially those based on the particul ar production technol ogy at
the plant. They underscored the difficulty of changi ng existing
processes to accompdat e new environnental concerns. W obtained
practical information about how i nvest nent deci sions are made,
both at the plant and corporate |evel, which hel ped us nodel

i nvest nment .

Qur basic investnment data conmes fromthe Census Bureau's
Longi tudi nal Research Dat abase. W have annual investnent data
for 116 paper mlls fromthe Annual Survey of Manufactures,
beginning in 1972. Starting in 1979 we al so have information on
pol l uti on abatenent investnent at 68 of the plants, so we can
exam ne the rel ationship between productive and pol |l ution
abatenent investnent. W use an industry publication (the

Lockwood Directory) to identify the production technol ogy used at

a larger sanple of 686 plants for the technol ogy choi ce anal ysis.
We find that new plants are increasingly less likely to use

the "dirtiest' technology over tinme, consistent with increases in

environmental stringency over the period. There is also a

significant connection between a plant's technol ogy and st ate-



| evel measures of regulatory stringency. Newmlls in states
wth strict environmental regulations are less likely to enpl oy
the nost polluting technol ogies (those which involve pul pi ng
processes starting with raw wood). Wen we di saggregate the
regul atory stringency by type of pollution, we find the expected
results (though not always significant): the technol ogy which
emts the nost air pollution is |less comonly used in states with

greater air pollution stringency, and vice versa for water

pol | uti on.

W find little evidence for an inpact of state regul atory
stringency or plant technol ogy on annual investnent spending at
exi sting plants. However, we do find significant relationships
between a plant's productive (non-abatenent) investnent spending
and the amount and tim ng of pollution abatenment investnent.
| nvestnent tends to be lunpy, with pollution abatenent and
productive investnment projects occurring sinultaneously. This is
consistent wwth plant mlls having high fixed costs for shutting
down during renovations. However, productive investnent is |ower
in plants which do nore pollution abatenent investnent over the
period, indicating sone 'crowdi ng-out' of productive investnent.

Section 2 describes the paper industry in nore detail,

i ncludi ng the reasons why different production technol ogies are
differentially affected by regulation, along with a brief

econonetric nodel of the inpact of regulation on technol ogy



choice and investnent. Section 3 describes the data used for the
anal ysis. Section 4 presents the results, with concl udi ng

remarks in Section 5.

2. Paper Industry Investnment and Environmental Regul ation

Bef ore begi nning our enpirical work, we visited ten paper
mlls in the Northeast, owned by several different conpanies. W
spoke with plant managers and environnental directors and toured
their production facilities. W also spoke with environnmental
peopl e at corporate headquarters, and both state and federal
environmental regulators. This took several weeks of tinme, which
m ght have been used collecting data and runni ng regressions.

VWhat did we learn fromthis effort that m ght not have been
obvi ous from basic econom c theory or data anal ysis?

First, even though all paper mlls belong to the sane
i ndustry, they use many different production technologies. The
first stage of the paper-nmaking process is stock preparation,
where sone source of fiber (ranging fromtrees and wood chips to
recycl ed cardboard or waste paper) is treated to separate out the
fibers. The fibers are bl eached in sone cases to increase
whi teness, and mxed with water to forma slurry. Those plants
whi ch begin with raw wood need sone type of pul ping process to

separate the fibers in the wood fromthe lignin that binds them



together. This can be done nmechanically, with various types of
chem cals, or sonme conbination of the two. After the stock is
prepared, it is nore than 90% water, and needs to be dri ed:
ei ther deposited onto a rapidly-noving wire nesh (the fourdrinier
process), or layered onto rotating drunms (the cylinder process)
before passing through a series of dryers to renove the water and
create a continuous sheet of paper.

Second, these differences in production technol ogy have
i nportant environnmental consequences, especially in the pul ping
process. The nobst common pul ping process in the U S. today for
handling raw wood is kraft (a.k.a. sulfate) chem cal pul ping.
This process is relatively econom cal, because the wastewater
fromthe pul ping can be dried and burned in a recovery boiler,
then treated to recover the chemcals for reuse. The ol der
sulfite process used | ess expensive chemcals that were sinply
flushed into the river, generating substantial water pollution.
In a curious irony, the chlorine bleaching process commonly used
in kraft plants was identified in the early 1980s as a source of
smal | amounts of dioxin in the wastewater, so the 'cleaner' kraft
pl ants were then associated wth a dangerous toxic substance.
Sonme plants use nechani cal pulping (like giant blenders) to
separate the fibers. This avoids chemcals in the wastewater but
is very energy-intensive, leading to increased air pollution

concerns as these plants usually generate nost of their own



energy with | arge power boilers.

I f the plant uses recycled cardboard or paper, it is easier
to separate the fibers (add water and stir), but the presence of
i nks and other contam nants in the input makes it difficult to
produce top-grade white paper. Deinking processes have been
devel oped in recent years, and have been encouraged by paper
recycling prograns, but this generates sizable anmounts of sl udge,
whi ch aggravates waste di sposal problens. The paper-naki ng
process itself causes fewer pollution problenms, wth |ess
variation across plants. Sone air pollution is associated with
power - generating boilers needed to create steamfor the dryers.
Sonme water pollution results fromresidual fibers remaining in
the water as the paper is dried, along with any chemcals used in
the pul ping process. Still, the pul ping process is likely to
provi de the nost inportant differences across plants from an
envi ronment al perspective.

Third, it is difficult or inpossible to make maj or changes
in the process. This is especially true for changes required by
an environnental i1ssue that was not recogni zed when the plant was
designed. dder plants were sonetines built directly over a
river, allowng spills to flow conveniently into the water for
di sposal; a major issue in current environnental regulation is
containing spills and process upsets so that no pollutants enter

the water. Changing one part of the process can affect other



parts in indirect but expensive ways. For exanple, installing
oxygen delignification (whitening the pulp and reducing the need
for chlorine bleaching) in one plant would increase the flow of
waste material to a recovery boiler by 3 percent. Because the
capacity of the recovery boiler is designed to match exactly with
the rest of the process, the plant would either need to spend
tens of mllions of dollars for a new, slightly larger, recovery
boil er, or accept a 3 percent reduction in pulp production, which
al so costs mllions, for what m ght seemto be a m nor process
change. This '"fixity' of the production process raises the

st akes for the decision about which technol ogy to adopt,
especially given the possibility of unexpected changes in

regul atory stringency over tine.

Fourth, there are sizable differences across states in the
stringency of environnental regulation. Federal EPA rules
provide a framework for regul atory decisions, but individual
pl ant -l evel decisions are usually nmade by state regul ators.

These decisions play a crucial role in the permt process, where

there are often intensive negotiations about what |evel of

envi ronnental protection should be required before the permt is

granted. Certain states tend to have stricter (or slower) permt
witers than others. These permts are required before a new

pl ant can begin operating, and may al so be required for extensive

changes to an existing plant. Sonme EPA rules also result in



differences in regulatory stringency across states: in areas with
air quality that fails to neet federal guidelines stricter
em ssions controls are required for all new pl ants.

Fifth, there is substantial scope for investnent decisions
to be affected by environnmental regulation. Discussions with
pl ant and corporate personnel indicate different procedures for
smal | investnent projects as conpared with | arge renovations or
new plants. Smaller projects are generally funded out of a
capi tal budget for the plant, facing the plant nmanager with a
choi ce between allocating funds for regulatory conpliance or
productivity enhancenent. Plant managers reported that they have
to give higher priority to '"legally required projects and
conpl ai ned that productivity inprovenents are often crowded out
by regul atory-driven investnent.

Larger projects tend to undergo a | engthier review process,
and may involve a direct conpetition between existing plants or
new | ocations. They are nore likely to require revisions in the
environnental permts for the plant, which can add del ays or
uncertainty in those states wwth nore stringent regulation.

G ven that much of the investnment is financed with interna

funds, and that industry demand is highly cyclical, a great
premumis placed on bringing the new capacity on |line as soon as
possi ble. For this reason, delays and uncertainty are believed

to be nore inportant than the absolute | evel of stringency



required by the permt, because of the costliness of del aying
production. Sone states are ruled out of consideration for new
pl ants or expansions, due to past experience with regulatory
permtting difficulties. These differences may be specific to
particul ar technol ogies. For exanple, Maine has especially
stringent rules regardi ng waste disposal, making it difficult to
open a dei nking plant that woul d generate substantial amounts of
sl udge.

Paper mlls are highly capital intensive, making it very
costly to shut down the plant for renovations, so they try to
schedul e different investnent projects at the sane tinme to
mnimze dowmntinme. This should result in a 'lunpy' investnent
pattern for nost plants, with occasional high |evels of
i nvest ment spendi ng as maj or renovations are undertaken, followed
by sonme years of substantially |ess investnent activity.

Qur visits gave us a nmuch greater appreciation of the
differences across plants, especially in their production
technol ogy, and the inportance of institutional aspects of
regul ation leading to differences across states in regulatory
stringency. This led directly to the current paper, in the sense
that we were convinced of the inportance of differences across
plants in their production technol ogies, and the possibility of
measuring these differences using published industry directories.

W were al so nore confident that there m ght be inportant

10



regul atory differences across states, |arge enough to affect
i nvestment decisions. Finally, the information about the
i nvestment process |led us to consider a nodel of 'l unpy'
i nvest ment deci sions where timng nmatters, along with the
possibility that abatenent investnent crowds out productive
i nvest nment .

How does this viewpoint conpare with what econom sts have
done? The general issue that environnmental regulation m ght
af fect investnent decisions and technol ogy choi ce has been around
in the economic literature for sone tine, primarily in
theoretical ternms. The sinplest case of an inpact on technol ogy
choi ce woul d be a regulation that prohibited an especially
"dirty' production technique. Any regulatory standards that
required reductions in em ssions would tend to change the
relative costs of different production techniques. Regulation
m ght also tend to shift a firms R& effort. Devoting R& to
cl eaning up existing production processes, conbined with
uncertai nty about whether new processes will receive regulatory
approval would tend to di scourage the devel opnent of new
production techniques. * On the other hand, regul ations could

force firms to devel op new, clean production techni ques, and

! See Hoerger et al. (1983) for an examination of how regulation slowed down R&D effortsin the
chemical industry.
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stinmul ate R&D spending. 2

Vi scusi (1983) shows that the increased uncertainty due to
regul ation, conbined with irreversible investnents, is likely to
reduce investnent. This would operate in addition to whatever
i nvestment disincentives arise from hi gher costs of production
due to regulation. To the extent that regulations forced firns
to adopt new production techni ques and repl ace existing capital,
there mght be a positive inpact of regulation on investnent
spendi ng. However, this investnment could be specifically
directed at pollution abatenent, and not increase the productive
capacity of the plant.

Much of the existing research on the inpact of environnental
regul ation examnes its inpact on productivity. This research
has tended to find a significant, though not always
overwhel m ngly | arge, connection between regul ati on and
productivity.® There has al so been sone work on the connection
bet ween environnmental regul ation and pl ant openi ngs and cl osi ngs.
An anal ysis of steel plant closing decisions (Deily and G ay
(1991) found that steel mlls facing nore air pollution
enforcenent were nore likely to be closed. A state-I|eve

anal ysis of new plant openings (Gay (1997)) also indicated a

2 Thisis amain element of the 'Porter' hypothesis that properly-designed environmental regulations
could actually increase, rather than reduce, firms' profitability (Porter (1990, 1991)).

3 Studies with industry-level data include Barbera and McConnell (1986) and Gray (1986,1987); plant-
level data studies include Gollop and Roberts (1983) and Gray and Shadbegian (1995).
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significant negative relationship between a state's environnental
regul ati on and the nunber of new plants opened in the state,
t hough other studies (e.qg. Bartik (1988)) have found smaller
i npacts. Thus we have sone indication that environnental
regul ati on may i nfluence busi ness deci sions such as investnent,
but that such influences are likely to be small

Let us consider the nodel of technol ogy choice slightly nore
formally. Suppose that a conpany is planning to establish a new
plant (i) in a particular state (s) at a particular tinme (t).
There are a set of available technologies (j) anmong which the
firmw Il choose. Each technology has an associ at ed
profitability (A;;) which depends on regulatory factors (R;) and
ot her observable state-specific factors (X;), along with
unobserved pl ant-specific influences (,;;). The firmchooses the

nost profitable technology, leading to a nultinomal |ogit nodel:

]'-'[il - f(zk BrlkRstk + ZIn Bx]_rn‘)(stm + e:il)

]'-'[iJ - f(zk BerRstk + Zm Bme}(stm + e:iJ)

with T.=n if Hinznij for j=1,...,J.

(1)
The state-specific control variables X include energy prices,

likely to affect the nore energy-intensive nechanical pul ping
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process, the availability of comercial tinber, affecting all of
t he pul pi ng nmet hods, and popul ation density, affecting recycled
paper processes through the relative availability of wastepaper.
We should note a few possible concerns with this nodel.
First, there could be different sets of technol ogies avail abl e at
different tinmes, which would conplicate the sel ection process.
As it happens, all of the technol ogi es considered here were in
use by the earliest observation of plants in 1960.* Second, the
profitability of a plant should be the expected profitability
over the plant's lifetine, so the firm s expectations about
future R and X values for the plant would enter the equation. W
rely on the high degree of persistence in cross-state differences
for our variables, and assunme static expectations by firns when
choosing technology. Finally, we should note a general
[imtation on our regulatory data, since it affects the types of
anal ysis we can performthroughout the paper. Only our overal
regul atory stringency neasure is truly panel in nature, extending
back into the 1960s: the state's Congressional delegation's
voting record on environnental issues. The nedia-specific

regul atory neasures we use are cross-sectional ones, dating from

“ There is technological change associated with each technique over time, but the broad categories we
will be considering - kraft, sulfite (and other chemical methods), mechanical, and recycled - were al widely
available by 1960. In abroader time frame, recycled is the oldest (the earliest U.S. paper mills used
recycled rags), sulfite and mechanical are also relatively old, and kraft is somewhat newer - while the use of
recycled inputs to produce high-quality white paper, by 'deinking' wastepaper, is the newest technology of
al.
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the md- to late-1980s. Earlier work (Gay (1995)) exam ned
di fferent neasures of regulatory stringency, finding that
differences across states were fairly stable over tinme. This may
reduce sone concerns about using 1980s regulation to explain
1960s technol ogy choices, but this is something we need to
assunme, not sonething we can test.

As wth the technol ogy choi ce deci sion, we now consider the
i nvestnment allocation decision nore formally, with current
i nvest ment depending on the timng of past investnent and ot her
control variables. Since it is costly to shut down the mll for
i nvestnment, we would expect intermttent investnent, yielding
negati ve coefficients on | agged investnent. Wth many invest nent
projects taking nore than one year to conplete, we m ght expect
to find a positive inpact for |last year's investnent spending on
this year's spending. W use |;; to represent investnment in
plant i at timet and I . to represent past investment at this
plant s years earlier, with other control variables simlar to

t hose included in equation (1):

(2) Iit = f(Lk BrkRitk + Lm meXitm + Ls YsI*i,t—s + eit)

In some anal yses we use the plant's investnent rate,

di vidi ng each year's investnent by the start-of-year capital
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stock. In other anal yses we concentrate on major investnent
projects, replacing the plant's annual investnent spending with a
dummy variable for 'large' investnents (this part of the analysis
follows that done by Cooper et. al. (1995)). This renoves the
need to scale the investnent neasure by plant size, but raises

ot her concerns, including the use of probit or logit analyses in
a panel context. W estimate a fixed-effects logit nodel, while
Cooper et. al. used a linear probability nodel.

The panel nature of the data, while providing an opportunity
to estimate fixed-effects nodels, may nake it difficult to
estimate i npacts for sone of the explanatory variables. As noted
above, the nedi a-specific neasures have only cross-section
variation, and the other variables have limted tine-series
variation. This tends to nake the within-plant fixed-effect

anal yses yield inprecise results.

3. Data and Econonetric |ssues

The i nvestnent data for the project cones fromthe
Longi tudi nal Research Dat abase (LRD) containing information from
t he Annual Survey of Manufacturers (ASM, |inked together for
i ndi vi dual plants over tine (for a nore detail ed description of
the LRD data, see McQuckin and Pascoe (1988)). W use annua

informati on on new capital investnent spending from 1972 to 1990.
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This is divided by the nom nal value of the plant's capital stock
to calculate the plant's investnment rate.® In earlier work
exam ning the inpact of regulation on productivity (Gay and
Shadbegi an (1995)) we prepared a dataset of 116 paper industry
plants with conti nuous ASM data over the 1972-1990 period, and we
use the sane sanple of plants here.

We conbine this LRD data with two other plant-|evel data

sources. First is the Lockwood Directory, an annual directory of

pul p and paper mlls. W begin with a list of several hundred
paper mlls, prepared for an earlier research project. Lockwiod
data fromseveral different years is exam ned, to see in which
year the plant first appeared. This year is used to indicate the
approximate 'vintage' of the plant. The Lockwood data al so

i ncludes information on the production technol ogy bei ng used at
each mll: whether the ml||l uses raw wood or recycled inputs, and
how t he raw wood i s pul ped. The conbination of vintage and
technology is used for the analysis of technology choice, with a
total of 686 plants. This technology information is also added
to the LRD data, using plant nanme and address information, for
the 116 plants in the investnent anal ysis.

Qur final plant-level data source is the Pollution Abatenent

® In earlier research on productivity with these plants we created real capital stock measures for each
plant, using the perpetua inventory method, based on gross book value in an initial year and the plant's
annual investment flows. We multiply this real capital stock by a paper-industry specific investment
deflator from Bartelsman and Gray (1996) to get a nominal value.
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Costs and Expendi tures (PACE) survey, conducted annually by the
Census Bureau. This is sent to a subset of firns in the Annual
Survey of Mnufactures, concentrating on the high-pollution
i ndustries. Since paper mlls tend to be large polluters, they
are commonly present in the PACE data. Because the set of plants
who conpl ete the PACE survey each year is smaller than the ASM
sanpl e, and changes over tine, there is sonme attrition in our
sanpl e when we require continuous PACE data. W have PACE data
from 1979- 1990 (except for 1987 when the survey wasn't
performed), and wind up with a total of 68 plants with conplete
annual data on pollution abatenent investnent.

In addition to the plant-level data, we use a nunber of
state-level explanatory variables for the anal yses, taken from

the Statistical Abstract. These include popul ation density

(POPDEN = t housands of people per square mle) and energy price
(ENERGY = price per mllion BTU in thousands of 1982 dollars),
whi ch vary sonewhat across states and over tinme. W also use a
measure of the availability of tinber (FOREST = mllion cubic
feet of softwood growi ng stock, per square mle of state |and
area). To neasure a tendency towards stringent environnental
regul ati on, we use the pro-environnent voting score for the
state's Congressional delegation (VOTE). This was found to be

significantly related to manufacturing plant |ocation decisions

in Gay (1997). The voting data has been cal cul ated by the
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League of Conservation Voters since 1970; we conpiled our own

measure for the 1960s fromdata in the Congressi onal Record.

To differentiate between air, water, and toxic pollution

regul ation we take three neasures fromthe G een Index (Hall and

Kerr (1991). The AIR index is the sumof a state's ranking on 18
measures of air quality (including the em ssions of various air
pol lutants and violations of air quality standards, neasured in
the late 1980s). The WATER index is the percent of the state's
popul ati on whose water quality failed at |east one Safe Drinking
Water Act test in 1987. The TOXIC index is how many (out of 9)
specific laws regulating toxic waste are in place in the late
1980s (for exanple, strict Superfund liability or '"right-to-know
laws). The AIR and WATER i ndi ces depend on states w th worse

pol l uti on problens having stricter regulations, while the TOXIC
i ndex measures regulatory stringency directly. Since all of the

G een I ndex neasures date fromthe |late 1980s, we have to rely on

the cross-state differences remaining relatively fixed throughout
the period (this consistency over tinme was found for other state

regul atory neasures in Gay (1995)).°

4. Estimation Results

€ Other regulatory measures were considered, from the Green Index and other sources. The results were
usually similar to those presented here, although afew showed differences (for example, an alternative
index of state water pollution problems used in an earlier version of this paper gave positive, rather than
negative, signs in the technology choice analysis).
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We begin with the anal ysis of technol ogy choice. Here we
have assigned the plants to five technol ogy categories: kraft,
sulfite (including 'other' chem cal and sem chem cal),
mechani cal, deinking, and other. The 'other' category consists
primarily of mlls that do not do their own pul pi ng, but either
purchase pulp fromothers or use recycled inputs, but not the
nor e sophi sticated dei nking process. These 'other' plants tend
to be small and | ess sophisticated, producing |lower-quality
products. The neans and standard devi ations of the vari abl es
used in the analysis are presented in Table 1. Note that two-
thirds of the plants in the sanple already existed in 1960 (since
YR6070 and YR7095 only add up to .33).

Table 2 shows the results of a nmultinomal |ogit anal yses of
technol ogy choice, with the '"other' category being the base
group. O the three control variables, popul ation density and
energy prices have little inpact, while plants with pul ping
processes are nore likely in states with nore commerci al forests.
Greater regulatory stringency, as neasured by VOTE, nakes it |ess
likely that a plant will use any of the three pul ping
technol ogies. To put these coefficients in perspective, a one
standard deviation (19.119) increase in VOIE is associated with a
reduction in the probability of choosing kraft technology of 7.9
percentage points (a large fraction of the 19.2 percent of plants

that use kraft pul ping). The conparabl e nmagnitudes for the other
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pul pi ng technol ogies are 2.3 percent for sulfite and 1.5 percent
for mechanical. Finally, the vintage coefficients are consistent
wi th regul atory changes during the period. Later in the period
we had both increased regul atory stringency, making the heavily-
polluting sulfite mlls less attractive, and policies to pronote
paper recycling, encouraging deinking mlls.

Table 3 replaces the single regulatory stringency neasure,
VOTE, with three nedi a-specific neasures, AIR, WATER, and TOXI C
We find that, as expected, nmechanical pulping is less likely in
states with greater air pollution problens, while sulfite pul ping
is less likely in states with water pollution problens. All
three pul ping technol ogies are less likely where states have
stricter regulations on toxic waste. This may reflect generally
nore stringent environmental regulations in those states with
strict toxic waste regul ations. Considering the nagnitudes of
t hese effects, a one standard deviation increase in AIRis
associated wwth a 6.5 percent |ower probability of using
mechani cal pul ping. The conparable figure for WATER and sul fite
pulping is 2.5 percent. For TOXIC, the conparabl e percentage
reductions are 7.9 for kraft, 1.7 for sulfite, and 3.5 for
mechani cal pul ping. The results for the other control vari abl es
are simlar to those in Table 2, including the tendency for nore
dei nking plants and fewer sulfite plants in |later years.

One possible concern with this analysis is that nost of the
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pl ants were established before 1960, when environnent al
regul ati ons were considerably less stringent. Therefore Tables 4
and 5 repeat the anal yses for the subsanple of 227 plants
established after 1960. The results are simlar to those found
earlier: pul ping processes are less common in states with nore
stringent environnental regulation, with nechanical pul ping being
nore sensitive to air and sulfite pul ping being nore sensitive to
water, while all three pul ping processes are sensitive to toxic
regul ation. The inpacts on technol ogy choice probabilities are
simlar to those calculated earlier, except that mechanica
pul ping is substantially nore sensitive to VOTE and TOXIC. The
control variables have simlar coefficients to those in the
earlier tables. The apparently |arge changes in the year
coefficients are due to the change in base group from' pre-1960
plants' in the earlier tables to '1960-1970 plants' in these
t abl es.

We next turn to the analysis of the investnent deci sion,
wi th nmeans and standard devi ations presented in Table 6. Three
di fferent neasures of investnent spending are used in the
anal ysis. |RATE reflects the quantity of investnent being done
at the plant, relative to the plant's capital stock. [|DUML and
| DUM2 are dummy vari ables, using different cutoff values to
define "major' investnents. |IDUML is a 'relative' measure,

identifying those years in which investnent exceeds 250% of the
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pl ant's nmedi an annual investnment over the sanple period. [|DUM
is an 'absolute' neasure, identifying those years in which new
i nvest ment exceeds 20 percent of the plant's existing capital

st ock.

We use two sanples of plants in this analysis. The ful
sanple of 116 plants is used for the basic anal ysis, exam ning
whet her technol ogy or state regulatory stringency affect annual
investment. Not all of these plants have conplete information
about pollution abatenent capital expenditures fromthe Census
PACE survey. To analyze the inpact of pollution abatenent
i nvestnment on other investnent, we al so construct a PACE
subsanple for 68 plants with conplete PACE information. 1In this
subsanpl e, we neasure two aspects of pollution abatenent
investnment. PACEDUM reflects the timng of abatenent investnent,
identifying those years with nore than $500, 000 of abat enent
investnment at the plant. PACERAT is a cross-sectional variabl e,
dividing the plant's abatenent investnent over the entire period
by its total investnent over the period. This reflects the
extent to which a large part of the plant's investnent spending
had to be directed towards pollution abatenent over the entire

period.” In the PACE subsanple, we al so adjust the dependent

" An alternative ratio for abatement intensity would divide abatement investment by the total plant
capital stock. Because nearly all large investment projects include some pollution abatement component,
high-investment plants also tend to be high-abatement plants by this measure. This leads to a positive
PACERAT coefficient in the regressions, rather than the expected negative coefficient which we find here.
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vari ables (investnent neasures | RATE, |DUML, and | DUM2) by
subtracting off abatenent investnent, so that the dependent
vari abl es represent only 'productive' investnent.

W link in technology data fromthe Lockwood Directory,

given here with technol ogy dumm es (we present only approxi mate
val ues for the technology variables in Table 6 to avoid
di scl osi ng the exact nunber of plants in each technol ogy
category, for Census confidentiality purposes). W include
state-specific explanatory variables (ENERGY and VOTE) in the
data. For each of the technol ogies, we consider their
interaction with the variable expected to be nost strongly
influential: energy prices for nmechanical plants, regulation for
sul fite/sem chem cal and dei nking, and post-1984 for kraft (to
capture recent concerns about dioxin em ssions).

Table 7 presents both ordinary | east squares and fi xed-
effects nodels of the investnent rate at a plant. The past
hi story of investnment at the plant (ILAGs) provide a substanti al
anount of explanatory power. The past year's investnent is
strongly positive, presumably because one investnent project
often spans parts of two cal endar years, so it could be reported
in consecutive ASM surveys. Longer lags tend to be negative,

especially in the fixed-effects nodels.? These past investnent

& These negative values may be at least partly an artifact of the analysis. Since the fixed-effect model is
equivalent to subtracting off the average of all other years, having had lots of investment in some other year
(captured by ILAG) will subtract off alarger value, making the coefficient negative.
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hi story variables are included in all subsequent anal yses,

al though we omt themfromthe tables to save space. The |ILAG
coefficient estimates in |ater analyses are very simlar to those
shown in Table 7.

Hi gh energy prices tend to discourage investnent in the
cross section analysis, but are not significant in the fixed-
effects nodel. However, the interactions of technol ogy and
energy prices are significant in the expected way, with
mechani cal plants being nore sensitive to energy prices in the
fi xed-effect nodels. The regulatory variables show no effect,
either by thenselves or interacted wth other variables.

Table 8 and 9 present the sane type of analysis, although in
this case we have binary dependent variables (I1DUML and | DUM2) so
we need to use a logit nodel (and a fixed-effects logit) rather
than linear regression.® The energy and regul atory neasures show
very little connection to investnment spending in the logit
nodel s.

Tabl e 10 adds the technology dummi es to the investnent
nodel , to see whether certain types of plants are nore or | ess

likely to get investnent. W cannot use the fixed-effects nodels

° For the fixed-effects logit analysis, we use the procedure provided in LIMDEP. This procedure allows
only 10 years of data, due to space constraints, so we must drop 2 years. The results are not especially
sensitive to the choice of years to drop, nor are the other analyses affected substantially by dropping two
years of data. In the results reported here, we dropped 1983 and 1987, since those years have missing
(1987) or problematic (1983) PACE information so they are the best years to drop from the Table 11
analysis.
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in this case, since plant technology is fixed. The only plants
that receive significantly greater investnent are deinking
plants. Since our investnent data refers to the 1980s, this is
consistent wth the technol ogy choi ce anal ysis, where dei nking
t echnol ogy was a nuch nore popul ar choice in nore recent years.
State regul ati on nmeasures and interactions of regulation with
technol ogy again show little connection with investnent.

Tabl e 11 focusses on the small er PACE subsanple of plants,
anal yzing the rel ationshi p between PACE investnent and
"productive' investnent (recalling that the dependent vari abl es
in this table have had PACE subtracted off). W note that the
ot her explanatory vari abl es (ENERGY and VOTE) show little inpact
on investnment.

The two PACE variables identify very different aspects of
pol l uti on abatenent's connection with investnent. Qur neasure of
abat enent investnent timng, PACEDUM is positively related to
i nvestment spendi ng (al though only significant for IRATE). This
is consistent with the high costs associated with shutting down a
paper mll for renovations, and was reflected in our
conversations with people at paper mlls. Plants tend to 'save
up' their investnent projects when possible, and do them
si mul taneously. The magni tude of the PACEDUM coefficient inplies
a fairly large connection. |If we conpare a year with a big PACE

investnment with a 'non-PACE' year, we get a predicted difference
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in | RATE of 0.025 or nore between them about one-quarter of the
mean val ue of | RATE in our sanple.

Qur nmeasure of abatement intensity for the plant, PACERAT,
is negatively associated with investnent spending. Plants which
have focussed their investnment spending on pollution abatenent
have | ess noney avail able for other investnent spending. This
can only be tested cross-sectionally, since PACERAT has only
cross-sectional variation. This result is consistent with our
conversations with paper industry people, who viewed abat enent
i nvestnment as 'crowding out' productivity-enhancing investnent.
It goes against the proposition that environnental regulations
i nduce busi ness to upgrade their productive capital stock nore
rapi dly, expanding total investnent.

Consi der what the magnitude of the PACERAT coefficient
(around -.1) nmeans, assum ng pollution abatenent investnent is $1
mllion, total investnment is $11 mllion, and capital stock is
$100 mllion. Productive investment would be $10 mllion, so
| RATE and PACERAT woul d each be .1, roughly corresponding to the
sanpl e nmeans. Doubling pollution abatenment investnment to $2
mllion would increase PACERAT from.1 to .2. This would be
predicted to reduce I RATE by .01 from.1 to .09, corresponding to
$9 mllion of productive investnent. W would get conplete
crowdi ng out of productive investnent by pollution abatenent

investment, with total investrment remaining at $11 million.
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5. Concl usi ons

Based on our plant visits and conversations with people in
t he paper industry, we exam ne the inpact of environnental
regul ation on two aspects of the investnent decision for paper
mlls: the specific production technology installed in a new
mll, and annual investnent spending at existing mlls. W find
that plants in nore stringent states are less likely to
incorporate the dirtier production technol ogies. Looking at
different types of pollution, we find that nechanical pul ping,
whi ch generates nore air pollution, is less likely in states with
stricter air regulations. Sulfite pulping, the nost water
pollution intensive, is less likely in states with stricter water
regul ation. The magnitudes of these inpacts are sizable, wth
one standard deviation increases in stringency associated with
reductions in choice probabilities of several percentage points.
We al so find changes in technol ogy choice over tinme consistent
wi th changes in environnmental regulation. W get simlar results
when we focus on the subsanple of paper mlls opened after 1960.

W find little or no inpact of state regulatory stringency
or plant technol ogy on annual investnent spending. This may
reflect a tendency for existing plants to be kept operating,
especially since older plants are often exenpt from newer

regul ations. W do find significant connections between
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pol | uti on abat enent investnent and productive (non-abatenent)
investnment. Plants with high abatenment investnent spend | ess on
productive capital. The magnitude of the inpact suggests nearly
conpl ete crowdi ng out of productive investnent by abatenent
investnment. Wen we |ook at the timng of investnent spending,
pol l uti on abat enment and productive investnents tend to be
concentrated in the sanme years, consistent with the high cost of
shutting dowmn a paper mll for renovations. |In future research
we plan to exam ne the inpacts of regulation and technol ogy on

productivity and em ssions at these paper mlls.
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Technol ogy Choi ce Dat aset
Summary Stati stics
Mean (std dev)
(686 plants)

(1.177) Technol ogy i ndex (1-5)

kr
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sul phi te/ sem chem cal

mechani cal

dei nki ng
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371)
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. 296)
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720)
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391)

League of Conservation Voters :

G een | ndex :

Statistical

Abst r act

1960< plant birth <=1970
1970< plant birth <=1995

Congressi onal voting pro-environnent

Air pollution problemindex

Pct. of population failing Safe

Drinki ng Water Act requirenents

Toxi ¢ substance regul ati on i ndex

state popul ation density (1000/sq m)
state energy prices ($/ MBTU)
Comrercially avail abl e sof t wood

Sour ces

TECH, YR6070, YR7095.

VOTE.

AR, WATER, TOXI C.

POPDEN, ENERGY , FOREST.
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Technol ogy Choice - All
Singl e Regul atory Stringency Measure

Tabl e 2

Pl ant s

Mul ti nom al Logit
(N=686)
Choi ce: KRAFT SULF MECH
CONSTANT 0. 314 -0. 387 -0. 905**
(0. 346) (0.372) (0.418)
POPDEN -0. 006 -0.019 -0. 005
(0.013) (0.027) (0. 006)
FOREST 0. 021*** 0. 026*** 0. 014**
(0. 005) (0.004) (0. 006)
ENERGY 0. 180 0. 467 0. 316
(0.318) (0.538) (0.209)
VOTE -0. 046*** -0.023*** -0.021***
(0.007) (0.007) (0.007)
YR6070 0. 352 -1.473*** 0. 387
(0.299) (0. 465) (0.332)
YR7095 -0.180 -1.397*** -0. 316
(0. 350) (0.462) (0.414)
LOG L= -748.522

Standard errors in

* % %

* %

*

significant at
significant at
significant at

par ent heses.

1% | evel
5% | evel
10% | evel

DEI NK

- 3.
(0.

- 0.
(0.

- 0.
(0.

0.
(0.

- 0.
(0.

0.
(0.

1.
(0.

416%**
875)

004
006)

020
020)

198
230)

002
013)

785
725)

863* * %
567)



Tabl e 3
Technol ogy Choice - Al Plants
Mul tiple-Media Stringency Measures
Mul ti nom al Logit

(N=686)
Choi ce: KRAFT SULF MECH DEI NK
CONSTANT 0. 357 -0.391 1. 437** - 4. 941% %%
(0.590) (0.611) (0. 605) (1.364)
POPDEN -0. 009 -0.022 -0. 006 -0. 005
(0.014) (0. 028) (0. 008) (0. 006)
FOREST 0. 033*** 0. 033*** 0. 009 -0. 009
(0.007) (0.007) (0. 008) (0.021)
ENERGY 0.293 0. 544 0.372 0.233
(0.333) (0.554) (0.241) (0. 226)
Al R -0.020 -0. 009 - 0. 065*** 0.028
(0.013) (0.014) (0.014) (0. 026)
WATER -0.010 - 0. 015* -0. 009 0.014
(0. 008) (0. 009) (0. 008) (0. 010)
TOXI C -0.430%**  -0.199%**  -(Q. 312%** 0.011
(0. 070) (0. 069) (0.078) (0.131)
YR6070 0. 697** - 1.339%** 0. 424 0. 834
(0. 290) (0. 461) (0.334) (0. 715)
YR7095 -0.097 -1.368***  -0.336 1. 949% **
(0. 349) (0. 460) (0. 420) (0.575)

LOG L= -736.921

Standard errors in parentheses.
*K significant at 1% evel
significant at 5%/ evel
significant at 10% | evel

* %

*
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Tabl e 4
Technol ogy Choi ce - Post-1960 Pl ants
Singl e Regul atory Stringency Measure
Mul ti nom al Logit

(N=227)

Choi ce: KRAFT SULF MECH DEI NK
CONSTANT 0. 503 - 1. 608* -0. 042 - 2.703%**

(0. 492) (0. 840) (0.576) (0.979)

POPDEN -0.007 -0.013 -0.003 -0. 004

(0.013) (0. 026) (0. 006) (0. 006)

FOREST 0. 023** 0. 040% * * 0.028***  -0.003

(0. 009) (0.012) (0. 010) (0. 020)

ENERGY 0.210 0. 366 0. 299 0.192

(0. 330) (0. 550) (0. 205) (0.228)

VOTE -0.039%**  -0.040%* -0.041***  -0.005

(0. 010) (0.018) (0.013) (0. 016)

YR7095 -0. 584 0. 166 -0. 664 1. 021

(0. 389) (0. 646) (0. 477) (0.710)

LOG L - 256. 003

Standard errors in parentheses.
* K significant at 1% evel
significant at 5%/ evel
significant at 10% | evel

* %

*
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Table 5
Technol ogy Choi ce - Post-1960 Pl ants
Mul tiple-Media Stringency Measures
Mul ti nom al Logit

(N=227)
Choi ce: KRAFT SULF MECH DEI NK
CONSTANT 0. 569 - 3. 520* 0. 987 -3.787**
(0.937) (2.067) (0.974) (1.597)
POPDEN -0.011 -0.029 -0. 004 -0. 004
(0. 015) (0. 034) (0.007) (0. 006)
FOREST 0. 047*** 0. 069* * * 0. 045% ** 0.011
(0.012) (0.019) (0.014) (0.021)
ENERGY 0.343 0.728 0. 403* 0. 259
(0.362) (0.679) (0. 230) (0.227)
Al R -0. 004 0.035 - 0. 041* 0.012
(0.019) (0. 040) (0. 022) (0.031)
WATER -0.022 -0. 047 0.015 0. 034**
(0. 022) (0. 042) (0.012) (0.013)
TOXI C -0.458%**  -0.236 -0.550%**  -0.129
(0.110) (0.190) (0. 136) (0.163)
YR7095 - 0. 844 * -0.043 -0. 825 1.323*
(0. 403) (0.661) (0.500) (0. 795)

LOG L - 243. 156

Standard errors in parentheses.
*K significant at 1% evel
significant at 5%/ evel
significant at 10% | evel

* %

*
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Table 6
I nvest ment Dat aset
Summary Stati stics
Mean (std dev)

Ful | Sanple (116 plants) PACE Subsanple (68 plants)
Nunmber of Cbs 1392 816
| RATE 0.127 (0.168) 0.101 (0.132)
| DUML 0. 287 (0.453) 0. 235 (0.424)
| DUMR 0. 166 (0.372) 0.120 (0. 325)
PACEDUM 0. 254 (0. 435)
PACERAT 0. 100 (0.108)
ENERGY 0. 061 (0.015) 0. 060 (0.013)
VOTE 0. 594 (0. 159) 0.579 (0. 157)
KRAFT 0.4 0.5
SULF <0.1 <0.1
MECH <0.1 <0.1
DEI NK <0.1 <0.1
KRAFT* 84 0.3 (0.4) 0.3 (0.5)
SULF* VOTE 5.1 (17.5) 4.9 (17. 4)
MECH* ENERGY 0.5 (1.7) 0.6 (1.8)
DEI NK* VOTE 5.7 (18.7) 2.9 (13.6)

Vari abl e Definitions and Sources

Longi tudi nal Research Dat abase, Census Bureau
| RATE = investnment rate (new capital spending/capital stock)
IDUML =1 if investnent >= 2.5*nmedi an annual investment for plant
IDUM =1 if investnent >= .2*capital stock

Pol I uti on Abatenent Cost Survey, Census Bureau
PACEDUM =1 if pollution abatenent investnent >= $500, 000
PACERAT = (pol lution abatenent investnent)/(total investnent),
aver aged over the entire sanple period

Statistical Abstract
ENERGY = state-|evel energy prices

League of Conservation Voters
VOTE = Congress voting pro-environnment

Lockwood Directory
KRAFT =1 if kraft mll
SULF =1 if sulfite or sem -chemcal mll
MECH =1 if nechanical ml]l
DEINK =1 if deinking mll
<base group = other/recycl ed>
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Table 7
| nvest nent - Basic Mdde
Dep Var = | RATE
(Ful'l Sanpl e)

Met hod aLs Fi xed-Ef fects
ENERGY -0.948** -0.775** -0.277 -0.228
(0.404) (0. 363) (1.057) (0.575)
VOTE 0. 064** 0. 058~ -0.017 -0.021
(0.031) (0.033) (0. 060) (0.062)
KRAFT* 84 0. 020* 0. 025
(0.012) (0.016)
SULF* VOTE 0. 005 -0.109
(0. 025) (0.307)
MECH* ENERGY 0. 289 -3.560**
(0. 255) (1.546)
DEI NK* VOTE 0. 059*~* -0.377
(0.024) (0. 308)
| LAGL 0.164*** 0.162*** 0.125*** (0.126***
(0.013) (0.013) (0.013) (0.013)
| LAG2 -0. 003 -0. 003 -0.028** -0.027*
(0.014) (0.014) (0.014) (0.014)
| LAG3 0. 050*** 0. 048*** 0. 022 0. 020
(0.014) (0.014) (0.014) (0.014)
| LA 0. 003 0. 003 -0.018 -0.020
(0.014) (0.014) (0.014) (0.014)
| LAGS 0. 015 0. 013 -0. 009 -0. 007
(0.014) (0.014) (0.014) (0.014)
| LAGG -0.003 -0. 004 -0.023 -0.023*
(0.014) (0.014) (0.015) (0.015)
| LAGY -0.016 -0.018 -0.048*** -0.048***
(0.013) (0.013) (0.014) (0.014)
R2 0.178 0.183 0. 299 0. 305
SSE 32. 4002 32.2088 27.6178 27. 4016
N 1392 1392 1392 1392

Standard errors in parentheses.

Al'l nodel s include constant term and year dumn es.
ILAG is t-year |agged val ue of | DUM.

* Kk significant at 1% evel
significant at 5%/ evel
significant at 10% | evel

* %

*
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Met hod
ENERGY

VOTE

KRAFT* 84

SULF* VOTE

MECH* ENERGY

DEI NK* VOTE

LOG L
N

Tabl e 8

I nvest ment
Dep Var = | DuUML
(Ful'l Sanpl e)
Logit
-1.190 5. 323
(6.168) (5.617)
-0.273 - 0. 640
(0.478) (0.515)
0. 040
(0.174)
0. 255
(0.383)
5. 060
(3.800)
0.430
(0. 349)
-764.318 -764.045
1392 1392

Standard errors in parentheses.

Al |
and

* % %
* %
*

nodel s i ncl ude constant term and year dumn
| LAGh vari abl es (|l agged | DUML val ues).

\]

si gni ficant
signi ficant
si gni ficant

at
at
at

1% | evel
5% | evel
10% | evel

- Basi c Model

41

Fi xed-Effects Logit

-18.988  10.
(16.780) (9.

-1.150  -0.
(0.926) (0.

- 0.
(0.

0.
(4.

- 11.
(23.

-5,
(4.

-470. 399 -471.

536
403)

875
958)

128
281)

517
655)

085
406)

275
588)

424

1160 1160



Met hod

ENERGY

VOTE

KRAFT* 84

SULF* VOTE

MECH* ENERGY

DEI NK* VOTE

LOG L

N

Table 9

I nvest ment
Dep Var = | DUM2
(Ful'l Sanpl e)
Logit
-3.731 -7.364
(8.205) (7.621)
0. 027 0. 135
(0.610) (0.662)
0. 054
(0. 219)
-0. 257
(0.516)
-1.677
(5.062)
0.420
(0. 415)
-523.456 -523.09
1392 1392

Standard errors in parentheses.

Al |
and

* % %
* %
*

nodel s i ncl ude constant term and year dumn
| LAGh vari abl es (| agged | DUM2 val ues).

\]

signi ficant
signi ficant
si gni ficant

at
at
at

1% | evel
5% | evel
10% | evel

- Basi c Model

42

Fi xed-Effects Logit

8. 861
(24.002)

-0. 822
(1.263)

-275. 454
1160

-0. 259

(13. 472)

-0.571
(1.316)

-0.196
(0. 375)

-0.943
(8.709)

436"
531)

- 57.
(31.

- 5. 483
(6.530)

-273.852
1160



Tabl e 10

9.

- 2.
(8.

0.
(0.

0.
(0.

0.
(0.

- 0.
(0.

0.
(0.

| DUMR
Logit

5 9.
716 - 5.
742) (7.
036 0.
695) (O.
087 0.
216) (0.
008 1
316) (1.
125 - 3.
355) (3.
346 0.
292) (2.
0.

(0.

4.

(5.

- 31.

(25.

-1.

(4.

6

526
862)

062
699)

058
318)

. 824

527)

028
827)

995
946)

013
326)

351
722)

220
541)

002
406)

-762.907 -762.104 -522.479 -521.998

I nvest ment - Extended Model
I ncl udi ng Technol ogy Dummi es
(Ful'l Sanpl e)
Dep. Var. | RATE | DUML
Met hod LS Logi t
Model 9.1 9.2 9.3 9.4
ENERGY -0.746* -0.696* 0. 795 5. 355
(0.431) (0.379) (6.592) (5.852)
VOTE 0. 054 0. 045 -0.624 -0.762
(0.035) (0.035) (0.545) (0.546)
KRAFT 0. 007 -0. 010 -0.083 -0. 167
(0.011) (0.015) (0.170) (0.249)
MECH 0. 020 0.132 0.238 0.168
(0.016) (0.083) (0.242) (1.254)
SULF 0. 002 -0. 020 0. 060 -2.467
(0.017) (0.159) (0.263) (2.465)
DEI NK 0.037** -0.059 0. 241 3.434
(0.016) (0.161) (0.242) (2.315)
KRAFT* 84 0. 028* 0.171
(0.016) (0. 257)
SULF* VOTE 0. 034 3.939
(0.243) (3.725)
MECH* ENERGY -1.879 1.829
(1.356) (20.390)
DEI NK* VOTE 0. 145 -4.781
(0.242) (3.492)
R2 0.181 0. 185
SSE 32. 260 32.130
LOG L
N 1392 1392 1392 1392

Standard errors in parentheses.

Al |
and
for

* % %
* %
*

nmodel s i ncl ude constant term and year dumn es,
7 I LAGh vari abl es (1 agged | DUM2 val ues,
the I DUML nodel which uses |agged | DUML).

significant at 1% evel
significant at 5%/ evel

significant at 10% | evel

except

1392

1392



Table 11
| nvest nent - PACE NModel
(PACE Subsanpl e)

(Dep Var = | RATE)

Met hod oLs oLs F.E
PACERAT - 0. 112%**
(0.041)
PACEDUM 0. 027*** 0. 032%**
(0. 010) (0.012)
ENERGY - 0. 406 -0. 600 -1.200
(0. 475) (0. 475) (1.300)
VOTE 0.013 0. 040 -0.010
(0.031) (0.032) (0.100)
R2 0. 155 0. 154 0. 262
SSE 11. 915 11. 925 10. 402
N 816 816 816

(Dep Var = | DUML)

Met hod Logit Logit F.E. Logit
PACERAT -2.067**
(1.005)
PACEDUM -0.063 0.184
(0.204) (0.274)
ENERGY 7. 346 5.984 4.352
(9.667) (9.553) (27.393)
VOTE -0. 819 -0.679 -3.193**
(0.636) (0. 640) (1.485)
LOG L -401. 718 -404. 105 - 238. 059
N 816 816 680



Table 11 (cont.)
I nvest mrent - PACE Mbdel
(PACE Subsanpl e)

(Dep Var = | DUMR)

Met hod oLs oLs F.E
PACERAT - 2. 495
(1.678)

PACEDUM 0.396 0. 251

(0.267) (0.363)

ENERGY 6.110 3. 875 -5.106

(13.087) (13. 025) (38.929)

VOTE -0.679 -0.211 -0. 250

(0.876) (0. 886) (1.983)

LOG L - 244. 500 - 244. 767 -120. 448

N 816 816 680

Standard errors in parentheses.

Al |
and
for

* % %
* %
*

nmodel s i ncl ude constant term and year dumn es,
7 | LAGh variables (1 agged | DUM2 val ues, except
the I DUML nodel s whi ch use | agged | DUML) .

significant at 1% evel
significant at 5%/ evel
significant at 10% | evel



